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and 8.27 g day -1 animal -1 respectively (P 0.001). There was no significant difference in the average daily intake and the average daily gain for the four diets (P>0.05).
Manipulation of dietary crude protein levels would appear to offer a low cost alternative, in relation to end of pipe treatments, for the abatement of odour and ammonia emissions from finishing pig houses.
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Introduction
Pig production has changed in Ireland from a small scale enterprise carried out by a large number of farmers as an addition to the main farming enterprises, to a small number of specialist producers operating large scale units using high quality breeding stock and up to date techniques (Lara et al., 2002) . Similar to other intensive farm operations, pig production generates substantial quantities of manure (faeces and urine) and mortalities, which lend themselves to a mixture of vapours, gases and dust combinations; odour and ammonia emissions are of particular environmental concern.
Odour emissions from pig production units can cause nuisance in the surrounding areas. Several guidelines and recommendations exist for protecting a neighbourhood from odour nuisance and are concerned on the one hand with the determination of setback distances and, on the other hand, with the implementation of odour reducing techniques (Gallmann et al., 2001 Ammonia loss from the animal building is stimulated by the area of flooring covered by excreta, the chemical composition of the excreta, the temperature in the house and the ventilation rate of the house (Hutchings and Sommer, 2001) . Of the total nitrogen ingested into the finishing animal approximately 50% is returned in the urine and 20%
in the faeces (Jongbloed and Lenis, 1992) . Ammonia is the product of the degradation of nitrogenous compounds. Bacteria in the faeces produce a urease enzyme, which converts the urea in the urine into ammonia. Atmospheric ammonia contributes to the acidification and eutrophication of soil and surface waters (Sutton et al, 1993; van der Eerden et al., 1998 Manipulating the diet of finishing pigs by reducing the crude protein can reduce the total nitrogen excretion, reduce the ammonia emissions and alter the components of volatile fatty acids and other odorous compounds while not influencing the animal growth (Sutton et al., 1996) . Phillips et al. (1999) identified dietary manipulation as the "best bet" for reducing ammonia emissions based on a ranking and weighting exercise. The aim of the present research was to study the influence of a range of crude protein levels on the generation of both odour and ammonia emissions from finishing pigs on partially slatted floors under controlled environmental conditions. 5
Methods

Animals
The finisher pigs used in this study were selected from a commercial herd, progeny of Two experimental pens were used at any one time and the diets were analysed in pairs. To minimise any seasonal effect, each dietary replicate was paired with a different diet.
Animal facilities
Two partially slatted floor pens in the pig finishing house on the University College Dublin Research Farm ( 
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The internal temperature in the house was kept constant at approximately 21.0 °C (s.e.
0.32).
Feed and feeding
Pigs were provided with ad libitum access to un-pelleted meal through a single space hopper located on the solid floor of each pen. Feed intake was noted as the hopper was filled. Remaining feed at the end of the trial was recorded and the Average Daily Feed Intake (ADFI, g d -1 ) was calculated. Feed Conversion Ratio (FCR) was determined for each group. Water nipples were located over the slatted part of the pen.
Four diets (Table 1) ) and 'ideal protein' (lysine 11 g kg -1 ) were maintained across all the diets.
The diets were fed during six four-week feeding periods. Week 1 allowed the pigs to acclimatise to the experimental diets and excreta levels to build up under the slatted area.
The pens were cleaned after each four-week period and all manure was removed from the underground storage tanks. The diets were mixed on site as required and each batch was sampled. Joseph, MI, USA).
Olfactometry
Collection of odour samples
Air samples were collected in 8 litre Nalophan bags using a battery-powered vacuum pump and a rigid container. The samples were collected using the lung principle whereby the air was removed from the rigid container using a battery-powered vacuum pump at a rate of 2 litres per minute. A critical orifice controlled the air evacuation rate from the sampling container. This created a vacuum in the rigid container and caused the Nalophan bag to fill through stainless steel tubing with odorous air extracted from the exhaust vents. The air samples were sealed and stored in appropriate conditions. All the samples were analysed within 24 hours. The odour measurements were carried out according to the European Standard prEN13725 (CEN, 2001) in the olfactometry laboratory in the Department of Agricultural and Food Engineering, University College Dublin. The odour and ammonia concentrations were measured on days 9, 14, 16, 21 and 23 of each four-week feeding regime. Ventilation rate and internal temperature measurements were carried out on the same days.
Measurement of odour threshold concentration
An ECOMA TO7 dynamic olfactometer (ECOMA, Honigsee, Germany) was used throughout the experimental period to measure the odour threshold concentration of 8 the ventilated air from the fattening pens. The odour threshold concentration is defined as the dilution factor at which 50% of the panellist can just detect an odour.
The panellists were previously selected by screening using the certified reference gas n-butanol (CAS 71-36-3) and only panellists that adhered to the code of behaviour for olfactometry were selected for odour measurements. The odour threshold concentration was calculated according to the response of the panel members and was displayed in Ou E m -3 , which referred to the physiological response from the panel 
Measurement of ammonia concentration
Ammonia measurements were taken using Dräger tubes. The Dräger tubes have a measurement range of 0-30 ppm. The tubes were stored in the original packaging at room temperature in a shaded area until use. A hand operated bellows pump draws 100 ml of air through the tube with one stroke, during which the air contained in the pump chamber escapes through the exhaust valve. If ammonia is present, the reagent reacts resulting in a colour change of yellow to blue. The Dräger tubes provide a simple and easy way of measuring ammonia. They are designed for on-the-spot measurement and are expected to show a coefficient of variation of 10-15% (Dräger, 1998). 9
Statistical analysis
Data were analysed using the PROC MIXED function in SAS 6.14 for Windows (SAS 1996, SAS Institute Inc., Cary, NC, USA). Dietary influence on odour and ammonia was evaluated using a model that included diet as the fixed effect. The main influences of variation between sampling were removed by including internal room temperature and ventilation rate as random variables. Data were checked for outliers prior to analysis by the RSTUDENT option of SAS PROC GLM. No data points were identified as outliers and all observations were included for analysis (n = 60). Data is presented as the least-squared means of the three replicates with the standard error of the mean (s.e.).
Results and Discussion
Dietary analysis and pig performance
Results of the dietary analysis are presented in and 220 g kg -1 crude protein, respectively).
Odour
The odour emission rates are reported per animal and per livestock unit (LU). One livestock unit is equivalent to 500 kg body weight. crude protein were analysed. Nine out of ten odorous compounds were significantly reduced using low crude protein diets (P<0.05). The odour emission rates in this study, even from the low crude protein diets, were higher than some published emission rates from commercial pig units (Holste, 1998; Martinec et al., 1998) . This might have been due to the orientation of the fans in relation to the manure surface in the experimental unit. High air velocity near the slurry surface caused by the location of the fans in the pens would increase the air movement above the manure surface, thus increasing the potential for the volatilisation of gases. Similar results were obtained by Kay and Lee (1997) and Canh et al. (1998) reduction in dietary crude protein are reported by Kay and Lee (1997) . Comparing in vivo and in vitro measurements of ammonia release, Canh et al., (1998) report that emissions were reduced by 10% and 12.5%, respectively, per 10 g kg -1 decrease in dietary crude protein. Kendall et al. (2000) reported a reduction in ammonia concentration from 29.6 ppm to 12.9 ppm (approximately a 56% reduction) in the exhaust air from 12.6% and 9.35% crude protein diets, respectively, supplemented with synthetic lysine. The diets were fed to castrates and gilts over a six-week experimental period and ammonia measurements were measured with Dräger diffusion tubes over 4 hours. Peirson and Nicholson (1995) reported an approximate reduction of 33% in ammonia emissions per livestock unit between a control and a low nitrogen diet; the protein levels in the diets however were not stated.
Ammonia
Lower ammonia concentration in pig houses may also have useful benefits to the health of fattening pigs, resulting in associated improvements in pig performance and safety for stockmen. The Control of Substances Hazardous to Health (Health and Safety Executive, 1999) regulation specifies an eight hour time weighted average exposure of <25 ppm, 10 minute exposure limit at 25-35 ppm and 0 minutes at >35 ppm. Animals in an integrated system are constantly exposed, so a maximum level of 20 ppm should be adhered to (Feddes and DeShazer, 1988) . Smith et al. (1996) reported that weanling pigs, when given an option of fresh air or ammoniated air, showed a significant decrease in the amount of time spent in the area supplied with ammoniated air.
The use of Dräger tubes in this study gave an on-the-spot grab sample of the ammonia concentration in the air stream; a handheld electrochemical cell will be used for future experiments in order to measure the ammonia concentration and the concentration of other gases continuously.
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Comparison of odour and ammonia emissions
In general as crude protein decreased, odour and ammonia emission rates decreased.
However, odour emission rates were lower for the 220 g kg -1 than 190 g kg -1 crude protein diets (Table 2 ). This might have been due to excess protein in the diet that could result in an imbalance in the feed C:N ratios or in insufficient carbohydrates to promote enhanced microbial decomposition resulting in reduced volatile fatty acids (VFA) (Sutton et al., 1996) . Williams (1984) stated that pig odour offensiveness is largely related to the volatile fatty acids in the manure. 
Cost
As seen in Table 1 , the relative cost of each diet was estimated. 
Conclusions
Dietary crude protein levels of 130, 160, 190 and 220 g kg -1 were fed to finishing pigs during six four-week feeding periods.
The odour emission rates were highest for the 190 g kg -1 crude protein diet. A reduction in the odour emission rates of greater than 30% is achievable.
The ammonia emission rates were highest for the 220 g kg -1 crude protein diet. Future work on ammonia and odour emission rates from pig and poultry units will utilise a handheld electrochemical cell in order to continuously monitor ammonia and other odorous gases.
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